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ABSTRACT

A preliminary feasibility study has been conducted on some new materials
for use as structure components of spacecrafts. These included some new
glasses, glass—ceramics, fibers and composites such as low expansion copper
aluminosilicate glasses, hollow and oval glass fibers and hollow fiber-glass-

polymer composites. The low temperature expansion coefficients, elastic
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modull and damping constants were measured. Recommendations are made for

A

further research and development of some selected materials which appeared to

be promising candidates for spacecraft atructures.
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Although the many components of a large precision space structure per-—
form difference function, most of them musat be designed to withstand the ’'hos-
tile’ enviromment of outer space. Some obvious conditions under which long-
term satisfactory performance are expected are high vacuum, external radia-
tions and cyclic temperature variations from -208°C to +200°C. Secondly, the
total weight of the structure should be as low as possible. Thirdly, for sen-
sitive instrumentations, vibrational perturbations are undesirable and hence
must be minimized or completely damped out.(l'z) Because of structural connec-
tivity and the difficulty of isolation, the variatiun in certain properties of
each component should also be minimized. The need for minimal changes in the
shape or dimensions under induced forces and temperature variations is an
example. Thus for an ideal spacecraft possessing long-life, gfeat stability
and maximum damping..the selection of proper engineering materials is of equal

importance to mechanical design.

In general, engineering materials having low coefficients of thermal
expansion, low density and high elastic modulus are of cbvious impor-
tance.(l'Z) In addition, they should be resistant to radiation and exhibit low
or no outgassing.(l‘Z) For sare components, the materials should be capable of
damping out pertubations over the frequency range from 9.1 to 10,000 Hz. For
other coimponents thne possibliily of elecirlcal charging i1s an important con—
sideration and hence the surface or bulk electrical conductivity must be con-

sidered.(Z) Frequently, a single—phase materizls is unable tc meet the

stringent requiremenls of space applications and composites must be used.(l’
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Receptly, many new engincering materials (including composites) have
been studied and a number of new material preparation processes have also been
developed. Good examples of these are new high modulus fiber-inorganic glass
and glass-ceramic matrix composites developed by K. M. Prewo and
co—workers.(3'6) For graphite fibers—borosilicate glass matrix composites, For
example, the average expansion coefficients are very low from 25° to 150°C,
the density is approximately 2 gm/cc and the elastic modulus is over 200 GPa
{over 30 x 106 psi). for SiC fibers-glass ceramic composites, the average
expansion coefficients are approximately 2 x 10'6/deg. from 209C to 100°C, the
romme temperature elastic moduli are about 140 GPa (20 x 106 psl) and the den-
sity around 2 gm/co. Although data on some properties are still lacking,
especially at very low temperatures, such new composites will obviously be of

interest to designers of precision space structures.

The type of new composites developed by Prewo and co-workers is not the
only new and prouising materials available. In the last few years, a variety
of other new monolithic materials (glaés and glass ceramics) and composites
has been reported which appear to be promising. The main cbjective of this
project is to examine the feasibility of these relatively new materials on a
preiiminary basis for use in precision space structures. This is the final
technical report of this one-year preliminary feasibility study. In the fol-
lowing section, the background on some of these materials will be presented.
The other sections are summaries of the research performed by the UCLA team in
the one-year period ending September 30, 1984. This is compriséa of litera-—

ture survey and some experimental research.
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IX. SOME NEN MATERYALS, NEd MATERIAL PROCESSES AND NEN CONCEPTS

The word ‘hew’’ is naturally relative. For this project it Is meant to
imply that applications to precision space structures have not besen carefully
evaluated. In the selection of such new materials, the criteria are high pro—
bability for achieving one or more of the following: low thermal expansion,
high stiffness, low density. controllable porosity and pore geometry, con—
trollable electrical properties, minimum outgassing in vacuo, controllable

damping and low thermal conductivity.

A. Some Hew Glusses apnd Glass-—Ceramics

(a) Glasses based on copper aluminosilicates(7~10)

Glasses in the system Cuzo-A1203—8102 have low thermal expansion
coefficients from 0° to 3009C. Expansion ccoefficients similar to that of
fused silica (0.5 to .‘LO"6 per deg) have been reported. The densities are in
the range of 2.7 to 2.9 gm/cc. Melting can be made at 1530°C, considerably
less than that for silica or T102-S:I.02 glasses. With minor additions of vari-
ous fluxes such as B203. melting cun be dora at 1450°C without serious effects
on the expansion coefficients. Although . elastic modulus values are avail-
able, the hardness of these glasses are typically some 40-50% higher than
those for silica glass and 100% higher than that of Corning 7740 (a low expan-
sion borosilicate glass with an expansion coefficient of 3.2 x 1076 per deg.).
It is anticipated that the Cuzo—A1203—3102 glasses will have relatively higher

elastic modulus. The softening temperatures can be as low as the 7740 glass.
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j; It is thus anticipated that they can be used as a matrix materials for the
3

T; contaimment of high modulus fibers with improved stiffness and less thermal
% distertion.

‘,\:

BN The Cuzo—ﬁlzos—Sio2 glass are practically black in color and their

'3 powdar can be used as a8 glazing material. On treatment in a reducing atmo-
f sphere, the surface can be reduced to give a highly effective metallic coat-
)

_ﬁ ing. Thus electrical, optical and thermal properties of the surface can be
Ko

-1 controlled. Glass fibers have been made and will be of interest because of
2

4 their low expansion, optical and electrlcal bproperties.

i

0-12)

{b) Glass—Cerami Q= - Glassea'?

:1 o based op Cv,0-41,0,-810,

o

‘ﬁ

The Cuzo—A1203—3102 glasses can b= easily nucleated and erystal-

At

lized to have glass—ceranics of low. zero or negative expansion coefficients.

LA,

Their potential roles will be similar to those for the parent glasses. It is

e

concelvable that glass-ceramic fibers can also be made.

it atal 2k

{e) Li Q-A1,0,-510, Glasy-Ceramic Fibers

|_‘.'”Y

Glasses based on LiZO-A1203—3102 can be crystallized to give

glass-ceramics of extremely low thermal expansion coefficients. Further the
bulk glass—ceramlica have been chemically strengthened through
ion—exchange.(13) Theoretically, it is possible te increase the elastic

modulus through lon-exchanged because of surface compression.(14) Recently,

fibers based on Lizo—-Alzog—SiO2 were converted to glass-ceranmic fibers.(ls)

The fibers have low or zerc expansion coefficients, highs strengths and are
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A transparent in the visible. Preliminary work at UCLA has confirmed that they

can be ion—exchanged in a KN03 melt to increase both strength and elastic

modulus.

] (d) Igpregnated porous glass

AJ It is well knoun that certain glasses based on Ha20"3203—8102 ara

; easily phase-separated and leached to give a so-called microporous glass. The
q pores are interconnected and pore diameters can be controlled in the range of
fJ 20 to 200 A. Recently, research at UCLA under AFOSR support has shown that
f

the porous glass can be impregnated with many materials. when the pores are

S Ty
ata et

subsequently collapsed by heating, the impregnants can be transformed into

R -

isolated sub-micron particles dispersed in the SiO2 matrix. Oxides such as

xth

ZrO2 and TiO2 have been impregnated this way to give a two-phase body. If one

‘3 were to assume that a porous glass with 305 porosity is impregnated with 51203
") and that af'ter all_the pores are collapsed, the SiO2 matrix now contains soue
;i 40% by volume of A1203. then the expected elastic modulus is 27 x 106 psi.

2 There is thus the possibllity of a new solid with extremeiy low expansion but
._ j. very high stiffness. Other oxides such as V205 and metals such as Ag have

53 also been impregnated this way. The possibilities. thus also exist for low

:af expansion solids with unique optical properties. Dependent on the concentra-
%J tion of residual pores and the nature of the impreghate, the damping coeffi-
i- cient can also conceivably be controlled.

:ﬁ Inpregnated porcus glass can be drawn into fibers readily with the
simultaneocus collapse of pores. It is evident that a low expansion high

E: modulus fiber can be made this way.
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B. Hew Ceraxlc Procegzing - the Snl-Gal Method

In recent years, the so—called sol-gel method has been receiving a great
b deal of scientific and technical interest.‘16) pujer1y, organo-metallic com-

;i pounds are dissolved in alcoholic solutions, hydrolyzed and polymerized to

i form gels. The excess water and unreacted orgunics are then removed by vacuum
;? and/or thermal treatment. The gels are porous and on heating to temperatures
below the glass transition, most, if not all of the pores are eliminated. The
q} dense glasses from the gels apparently have ldentical properties to the melt-
it formed glasses.(16) Glass~—ceramics can also be made this way. A method thus
exlsts for using the sol-gel approach for the fabrication of composites with a
glass or glass—ceramic matrix at much lower temperatures. For instance, in
the fabrication of SiC fiber-borosilicate glass composites, a temperature of

- 1200°C 1is needed although Tg is only 600°C for the glass. The fabrication
temperature will be in excess of 2000°C if silica glass is to be used as the

matrix. Theoretically, a silica glass matrix can be fabricated at 700°-800°C

" e

LR Al SO Lt |

via the sol-gel method. Although the sol-gel method suffers from the problems

X
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LR f
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of organics and water removal plus large vclumetric contractions, it must be

CEar)

considered as a potentially important technique for the preparation of compo- .

e

sites.
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in many sol—-gel systems, after the water and organics have been almost

c v

e
i

|
-2
&

entirely removed, the gels are still highly porous. The porous gels can be

impregnated and fired porous gels offer potentials as materials with controll-

able damping coefficients and low thermal conductivities.
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C. Exploitation ¢f Fiber Geometry
(a) Hollow fiber

e

4;} s

x

A hollow glass fiber can be easily made by the drawing of & thick-

£ A,

walled tube. Recently., in a research program supported by AFOSR at UCLA, hol-

AR

low glass fibers having an i.d. of 10p and an o.d. of 30p have been fabri~

cated. The ratio of i.d. to o.d. i3 easily controlled. It is known that hol-

low fibers can also be drawn directly from the melt with a special bushing.

R
- itk

;J Fibers used in composites are invarlably solid round fibers. For two compo-

sites to have equal stiffness, the wejght of that using hollow fibers can be

-ﬁ significantly less than that using sclid fibers assuming the chemical composi-
‘J tions and hence densities of the two fibers are similar. As much as 30%
3? decrease in weight is possible. Not only do hollow fibers offer weight advan-

o tages, but they can be used to lower thermal conductivity as well as control-

T

o ling damping. Further they can act as sealed contalners for organric polymers.

Ot

The outgassing problem can thus be eliminated. The concept of hollow glass

calalal

fibers containing organic polymers embedded in a glass or ceramic matrix,

fabricated via a sol-gel method, offers the potential for a new family of

solid composites with low expansion, high stiffness, high damping coeffi-

N
a_a A1

cients, inertness to radiation damage and no outgassing probleus.

i
-

PR

(b) Oval Fiber

PRats bl TSN

g

Many glasses are easily fabricated inte a variety of shapes

e e s

because of their advantageous viscosity-temperature relationships. Ropund

ERRCHR .

glass fibers and thin glass tapes are commercially available. There is no :
reason why an oval-shaped glass fiber cannot be drawn continuousliy through a

speclally shaped bushing. For two glass fibers with the same cross-sectional
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area, the stiffness of the oval-shaped fiber in the long direciion can he aig-
nificantly higher than that of the round fiber. Thus for a round fiber with a
diameter of 10p and an ovsl-snaped fiber whose long and short dimensions are
20p and 5p respectively, the cross-sectional areas are similar., However, the
stiffness along the 20u direction is FQUR TIMES larger than that of the 10p
round fiber. The alignment of the oval fiber in a matrix should not be diffi-
cult. Hence the stiffness of a composite can be greatly increased in certain
directions. In 1 sense, then, the ‘effective’’ elastic modulus of a glass

fiber can be 40 x 10 psi although its true modulus is only 10 x 105 psi.

D. Glass Microballoons

Giass microballoons known as ‘'eccospheares’’ and ‘‘cenospheres’’' have been

commercially available for a long time. The have been used as fillers for

i organic resins.(17) The external diameters can be varied froa 20gx to 200n.

% Both borosilicates and gilica microballoons are available.(18) The density of
individual balloons can be as low as 0;25 gm/cc versus the 2.5 to 3.0 gu/ce

g values for the bulk glass. Microballoons have been self-bonded or bonded with

Q ceramic frits to gilve light-weight, heat-insulating and high-temperature
stables bodies.(lg) The optical properties can be controlled by the addition

\ of inorganic oxides such as CoO to the frit.(lg)

% It would appear that it is entirely feasible to prepare low—density com-
o posites with controlled and graded porosity by the embedment of microba’loons
in a glass or glass-ceramic matrix. The sol-gel method for the fabrication of

the matrix is particularly attractive because the comprnsite can be fabricated

{
)
\
}
r

at low temperatures. The expansion coefficients of the hollow microspheres

. B
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L can be matched to that of the matrix. Conceivably taen, the use of silica
o
; miocroballoons and a silica glass matrix will resuit in a low expansion compo—
L
'*é site which can have low density as well as greded poroaity. Silica microbal-
e
e loons can also be sintered with ocopper aluminosilicste glass frits to form low
*. expansion bodiea,
ar
¥
- III. RESEARCH PERFORMED
-
i
oA A. Literature Jegrch
§-
L A literature research was conducted through the UCLA Reasearch Library.
1} The primary objective was to conduct a broad survey regarding the types of
S materials used or considered for use in asvacecraft structures. A list of 68
N A
. ; important references is furnished in Appendix 1. From this list, important
'?i technical information was extracted from nine of the reports. A summary is
f‘:: shown in Table 1. As seen in this table, graphite—epoxy composites appeared
[ B
v to be the mosat important type of materials used or contemplated. No pudlished
; information was found on the types of naterggls discussed in Section II of
”if this report. Because of this lack of information, some sxperimental research
s was conducted at UCLA.
¥ ,c':'
o
k B. Measurement of Exparsion Coefficients
i
g@f The expansion eoerriciénts of a number of materials were determined from
é -200° to +100°C. An apparatus was designed and constructed for this purpose.
?: This equipmient is shown in Figure 1 and is based on expansion—-induced pressure
oL
.ﬁit on a transducer. A list of the materials studied in this project and their
F
ol
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. "‘
ﬂ’-_"
ﬂf? 9
‘nﬁﬂ
R R R T B S B R ORIy L



"019 'S101848
uopjesauad A3uouo
*3poeu ‘SITTQWOSS® 3dCOS9TI]

| I
“ uopyeoftdde o3 *gqusuodwoo 8T3INYS |
*poA3TYOB sotjdsdoad JoTFe3 soudg ‘swosfs | '
i 09 senbtuyoss euuejUR pscueape I
“ JO SUOTIRUTQEOD Sutggsooad Jo ‘gFUTSBD JOIO.. §997504W00 | “
| wo MMM«LM» ov«su £q07J8BA ODTIA Y sutdus 3031004 A8QTJ UuoqJe) £b nw»mx | o
“(ou BOUDIS JOd - — .
_onﬁuo?u <8 Bu o
14935U ! .
| 8" pasn aq ued | “
“ senJdy os poudnbed | ~
_ 8T WOT2JOISTP |
H TemIayu] Mo pJBpUBLS UMW TO SSNJI] Axoda/e91udnay ¥ Jaade] _ .
_w U0T34038 1D - %
I TBULAY] MOT pJaupueys £.10209 TJ9d Axode fo31ydeas ¥ ap aMmMIy ¢ _ ..“..
_ SOITTT0998 — 7
| U0 73 80 TUNAWOO
| uy sjusuodwmoo JBAUT J0J | ,.
1 atqess L1TRmJSY] 93n3J3sqns se m = 2
L TeWIoQ3 MOT pJIRBpUE]E 143 FoMIuIT] Axodaeq1udedd [ puowmzey 4 W )
uo73dJ08pE 1 "
“ 2Jn38TOM MOT unysouduu J0 | ~
| ‘Sutesedino MOT mUTun e Jo XJJeUW ®© _
| *AaFAaT3onpuoco y3ty Ul 358) aJe BIATENTE JO _
i ‘uotsuedxd M7 9PTG<BD UODITIR ‘UOJCq *S3Uldks T3 TRBJINJONIIS a11sodmoe “
l ‘sgaugyTIs u3TH ‘eq1uydedd o eJoqTd W848 927119369 XJJIEm-T8)3N (44 SUOJYSILIY 1
| NIIW U7 podao I
| ST UTsS9d pus ps3way _
| —aunsssJdad 8 SuyTo0l |
I *$uT1003 03UT Po3IPBfuF _ R
H -
i aJanssedd 37 UIFSY "~
| *quameoaTd J937J AJp £q “ .
] ZI30w092 Jodouad Uy pTed *quoddns maojjierd sagny TBJNJONJIIE | 3
- Yy ] wucn.? ou.ﬂaupu oovd8 J0J SUWNTOD Axode/ejTudeay uy@nep ] .
: uﬂ%ﬂnﬂgg
suotjeofrdde Teunjondis
90ede J0J DPIJLIPTSUOD BTETJIOIVH JO LJsnung aJN3BJIITY POTITITAWIS :=:T 14Vl
: )
] .--

ok s .l\ﬁ.lwﬁh\ﬁ.\\ﬂ.\ili.\\\ T ﬁrn\)—.ﬁ-wld. e W A L, » TR T e P e IR P R S Eamae o SN D04
. T T N ) & BEREY | Dl WAL ML mwu.‘ e . “.. Ry R T R
.mw 2 . ® TEA e = 4 még T M i W ) . g R, ’ r%.r




*aJeHpJEY WI1sASqns
pue ‘€0 3J38qNS
Tousd 48708 fSWIOS

e e e = S o e o e = s

WILOTRAY  (S)ONIGIH

_
|
*g8TJIIjEW —9381d gquamnalsuUT “
UOACON puUg SuTqunomw uoystoodd _
Louoaed TUOTGCOITPTUN ‘5193 1TJ 9ABAOJOTHW _
~-8UBJI] JY ‘yYa1Busaqs JO 98N BATIONIJS xo1dTlInu ‘3J9M03 kxode ss2d _
1 Y37y ‘ssauIIIe 180@ JOJ SUOTIBJINITI P8 ‘8J0309TJ34 Lxode fea1ydea’d _
1 g37g ‘4ITenIyusTl ~uoo JeABTT3ITNH eJBMpIBY SITTTOIES £xoda faeTARY ot J3puncy
_ uoyqdJoepe m
i 2JN3E8TOW MOT pU® _
| ‘ucteusdxe TeWMRU] 1
i moT ‘A3TATIONDUCD |
' TemIsY) Y37y °5S9U 1
_suuaun 21JTReds Y3ty |
] ‘gguodsss TWBUAD misoudza/ug14dedd 1
i ‘gqUBSTDBJIE TRWIHYY, puB ENUTEN {8 g9q 1s0d@oo i
| 03 onp uoIFJANISTIP Joatudedd apnyouy *seuusque XJJBm- 89N i
1 TBJINJONJIIS MO SWA35A8 9TQTSS0d a1qelotdaq paoaoJutad 93yudedn 89 3peM |
| “gjusipedd 18Wa9YY} I
i 03 onp UOTIL03STD gotsuedxe |
| TednilonJiys TeWwrutd Tewaoqs3 MoY *8puJd BUTFSO.ID 1
| U3lIM ssauJTie 4IIg U3TM uysed or3seyd —83TJ0 JO HJOA |
| £0A9TDOR udyisep ~0WIeH] PICJOJUTSI qJ0ddns wiog3s1d -pTa3 TeJds38IInDI |
l pus s T8TJ938W sg{8 pue 83TUdeJd JOJ 8UOT]068 ue Jo pescdumoo weaq I
uo noﬂumaﬂneuo M2U ® ouwaoa&oaaH sFna] e8Jae] 2T738poad 83T50dTO) ¥y SVGH

R B
4

soeds J03 DIJOPTSUOD STBTJOIE JO AJewuns 9.In3eJdd3¥T PITJTTIUTS

Ten'et BULJEL SN S0 S KR APCEPSE TR SR e )
: ﬂul. a

* (ponuT3uoo) suofledyTdde TeJInlONJ}s
T a1dvl

10-b




usgoxlTN pInbrg lﬁl] <sjuomaInseaw uojsuedxs 2injeredwal MO] 103 snyraeddy 1 WAOIL

~SJ

19T[0I3UOd0WIdY]

1333y / 1

sed s} —>

11

duog Axe30Y OL « —qod B
L

N =7 93utid w.mo>ﬂua #mﬂm

1 |

1a11oxuo)

f\w - ] L

r‘IIIIlL
103BI9U39 OV 19 %a@msm 19amMod 24

I339suaTop TBATdIQ

xS

e TR A, 7y Tx e AT Y v os 2oy - : - RULIE LSRR - i Js o AT Y N-.n‘mlﬂwn.J-‘ B A M ] m 1\: "
g T e e ailiaier s . .. LI S SN SR
. [ o ! , L% LA P .~ e . IR VA P F - BRI N : ARy : .




sources are listed in Table 2. The average expansion coefficients over the

‘ﬁ}

&1

‘l temperature range of —-200%C to +100°C are shown in Table 3.

{} Some significant points to note are: (a) For the resin-glass sphere

é;} (microballoons) composites, because the resin is the matrix phase, it has a
'{5 larger effect on the expansion despite the fact that the glass spheres may be
-, the major component by volume. Thus the expansion of the resin is 624 x 107/

as compared to the vgluc of only 368 x 10"7 for a 70% glass sphere sample when

the glass phase 1s a low expansion glans. The density of the resin is 1.134

g/cc as compared to that of the 70% glass spheras sample of 0.624 g/cc (see

ek

oA

Table 3Y. The possibility thus exists for low density composites with reia-
tively high expansion coefficients., (b) The copper alumincsilicate glass does

have very low expansion coefficients even down to -200°C. (c¢) Silica gels,

e
e ST

although fired only at 4040°C and thus have very high porosity (in excess of

40%) already exhibits the low expansion (5 x 1077) of silica glass aeven down

i

el s

to low temperatures.

5

Results of samples of silica gels fired at different temperatures are

shown in Figure Z which includes results of apparent density, that is the den-

Lp ko

HF 3

sity of the ‘'skeleton’’ without the open pores. Results of resin-glass micro-

balloon composites are shown in Figure 3.
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Young ‘s modulus, shear modulus and Bulk modulus) and

SR S . .0
4

the Poisson’s ratio of a number cf materials were determined from transverse

- ) and longitudinal velccities measurements and density measurements based on

“1 standard methods (29 using small rods as samples. In addition to the
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TASBLE 2:

Eiumina
Resin

PMMA

Microballoons
Hollow Fibers

Glass-Aluminum
Fibers

Silica Glass

Pyrex Glass

Li 0-Al,0,-Si0
gl%ss—c%rgmic 2

CuO-A1203—SiO2

High purity alumina

polycrystalline

Silica Gel

S1C~-810
Composi%e

Cab—0-511

%43
e
(@]

Iniormation on materials studied in present project.

COIRENIS .

Diamonite
Plastic Mart

Alfa Ventron

Emerson and

Cuning, Inc.

UCLA

UCLA

Hereaus
Amersil

Corning

UCLA

UCLA

UCLA

GUCLA

Cabot Corp.

Buehl er-

13

9% donse.
Laminating Reosin (PM-15C)

Received us wmethylmethacrylate
monomer. Catalyzed with benzoil
peroxide, set at 45°C, and
cured at 57¢C

see attached data sheet,
Appendix 2

Drawn from soda-lime-silicate
tubing. Ave, diameter 50 micron

Co—drawn from 9% pure aluminum
rod and soda-lim-silicate

glass tubing. Ave, diameter

50 microns

TO08 Commercial

7740

Pyroceram 9608

12.5Cu -12.5A120 —753102
Made b¥ melt—-quendhing

HF-catalyzed gel produced
from TEQS, ethanol, and water.
Porosity = 65%.

HF-catalyzed gel matrix
with 33w/0 SiC and 33w/o coh-o—-sil

Fumed amorphous silica powder
with particle size = 200 nm.

600 grit (5-12 micron), 96%
purity




!
-i TMBLE 3: Average thermal expansion from —-200°C to +100°C except for results
'4‘ : froa literature.
:j resin + hollow glass sphere
b | ( O% glass sphere) 624 |
X | (20% glass sphere) s61 |
! (50% glass sphere) 40 |
] (60% glass sphere) az |
: I {70% glass sphere) 368 |
. I i
S,j | SiO2 melted and quenched glass s |
o i Cu0-AL,0,-540, melted and quenched glass 5 }
_J | AL,04 8g* |
}zm2 (stabilized) 100% }
h | Mg0 |
¥ i —
e | SiC 41 |
- g ¢ o |
E | 54 45 l
Y | TiC 74% |
~ } —i
5 | Mo s, |
b { SigN, 23~36% {
= 8102 gels ‘
i (fired at 400°C) |-
{ (fired at 600°C) ;
i (fired at 800°C) |
I -1
*'::; = S:i.O2 + SiC composite .. =
| (fired at 600°C) 37 |
"ol [ (fired at 1000°C) 12 |
& j P |
& | Porous glass + PMMA 138 |
r | I |
' *from literature
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FIGURE 2: Expansion and apparent density of silica gels fired at different
temperatures. The porosities were 58%Z, 467, 447% and 33%
for 200°, 400°, 600° and 800°C, respectively,
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pe composite samples whose thermal expansion coefficients were determined, some
, é poiymer--SiC-silica gel ‘‘triphasic’’ composites and hollow glass fiber-resin
‘j; composites were studied. The general technique for the preparation of ‘tri-
k Q“{; phasic’ composites is shown in Figure 4. Measurements were made only ai room
:3 temperature. Results are shown in Tables 4 and 5.

p
' 3 Some significant points to note are:

‘;
7‘.; a. Because of the very thin-walled glass microballoons used, the glass con-
NJ teats of the samples in Table 4A were very minimal. This resulted in
‘ﬂ?‘ very low elastic modull values for the composites as seen in Figures § "
e

- and 6. Similar results werc obtained by Lee and Westmann< 21) who also

L developed equations for the approximate estimation of the elastic pro-

Lo perties of such composites.
A
|y
Y. 1 b. The silica gels studied were porous solids. The samples fired at 200°,
il
P 400°, 600° and 800°C had porosities of 58%, 46%, 44% and 33% respec-
:‘ tively. With the exception of the 200°C sample, the results appeared to
4
K obey the relation.
N
i .
R E = E_(1-1.9P + 0.9P%)
; (1) -
ﬂ Where EO is the elastic modulus of ailica glaas.(n) Results are shown in Fig- ;
| #

ures 7 and 8.
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D. Measurempent of Rampipng Copstants

Vibrational damping was studied for some of our composites with a low
frequency resonance method. (23) An apparatus was dssigned and constructed and
shown in Figure 9. Details of the semples configuration are shown in Figure

16. Results are anown in Table 6. The basic equation for calculating the
relative damping constant b/c is:(24)

b/e Fh/Aro 2
Where Fh is the driving force at resonance, fo is the resonant frequency of
the sample and A is the amplitude of response signal at resonance. The damp-
ing coefficient of the materials is b and ¢ is a system coupling constant.
This technique was selected because of its relative simplicity and its demon-~
strated successful application.(23) The 1ast column in Tuble 6 shows the
results of b/cp where p is the density in gm/cc. Dased on damping above the
composite made up of resin and 50% glass microballoons seems to be the best

candidate.
IV. POTENTIALS OF HEW MATERIALS

A. Comparison with Other Mateprials

From published lite;;lburei graphite fiber/epoxy composites appeared to
be the most pfomising candidate material for spacecraft structures (see Table
2 of Ref, 1). This i3 because of the high specific modulus and good damping
behavior. The damping behavior in Table 1 of the report by Trudell, Curley

and Rogers(l 1s expressed as a 'Loss Factor'' whereas our results are obtained

25
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TABLE 6: Relative damping constants and relative specific damping constants
for selected materials based upon the resonance method,

-4

Pr 4

Material Resonant Relative Relative
Frequency Damping Specific
Constant Damping
Constant
Inconel X-750 110 Hz 1.64 0.2

U

Alunina 120 Hz 1.50 0.38
Silica Glass 100 Hz 1.13 0.50
PMMA 28 Hz 4.10 3.40

Resin 29 Hz 12.10 10.70

. o B g
“j':';";:-.éé TTRTERC L TN

* Rasin/50% micro- 33 Hz 12.10 15.40
balloons (glass)

.,
-

I

* Resin/50% hollow 46 Hz 6.50 4.90
glass fibers (11)

&
aratata et

* Resin/50% glass- 76 Hz 3.80 2.10
aluninum fibers (11)

BRla

R R

% Material developed at UCLA
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in the form of damping constants. An approximate conversion however has now
been made to permit the comparison of the current material and the graphite-
epoxy composites. The relevant results are shown in Table 7 and Fig. 11.
From Table 7, it would appear that of those materials on which experimental
measurements have been made, graphite—epoxy composites have the highest

specific modulus and relatively good damping behavior.

Although the present project was very limited in time and resources it
does reveal some promising future generation of composites which could perhaps
be superior to the graphite-epoxy materials ourrently known. For example, an
"jdeal’’ candidate could be a composite made up of hollow ceramic fibers embed-
ded in a sol-gel derived matrix of similar expansion coefficient. The sol-gel
patrix, because of its interconnecting pores, could further be filled with an
organic resin to obtain improved damping. Such a proposed structure 1s shown
in Figure 12. If the ceramic hollow fiber has low expansion coefficient and
is similar to that of the sol-gel derived matrix, then the expansion coeffi-
cient of the entire composite should aiso be swall irrespective of direction.
The amount of resin used 1s significantly smaller than that used in the
graphite/epoxy composite. Also because of the ultreTine pore of the sol-gel
derived matrix, the resin is protected from the hostile enviromment. The

electrical presistivity of the new composite should also be very high.
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TABLE 7: Coamparison of spscific modulus and damping of various matarialas.

..‘_;;:.‘f?' s s N TSR
.

: J Relative Relative
" Specific DaupingPCalculated Specific
A Modulus Constant Loss Danping
o Material (x 10° in) (b/c) Factor Constant
' ': Inconel 136 1.64 0.0004 0.2
' g Alumina 301 1.50 0.0004 0.38
"-l{“‘i Silica Glass 125 1.13 0.0003 0.50
»
,\‘1 PMMA 10 4.190 0.0032 3.40
© N .J
Resin 9 12.10 0.0260 10.70
IR
L Resin/
’ ; Mioro-balloon 16 12.10 0.0260 15.40
- Resin/
k> Hollow Fibers 6.50 0.0080 4.90
A
5 Resin/
: '»': Alun~Glass Fibers 80 3.80 0.0030 2.10
D Caloulated
N Epoxy-Graphite Composites Calculated Relative
R Relative Measured  Specific
oy Damping Loag Danping
- ‘f‘ Constant Factor Constant®*
- of Type I ( /1) 407 5.5 0.0060 3.90
[t Type II ( // ) 466 5.8 0.007C 4.14
Type II (/) 19 8.8 0.0140 6.30
o
o
. f’ * Density for graphite-epoxy composite assumed to be 1.40 gm/coc.
7,
. _,:é
R
\:]

A




wu

a

i e

'.'4‘_"-"‘.; -‘_ﬁ :;.E::K‘%"I ‘n:h. :

o
iy
v

N
P

{.
-
e

AL

N
A
N

K
A
-

N

Specific Damping Constant

@
Resin+
Glass baloon
10
Resin @
Epoxy+ .
Si- Graphite fiber Si0ygel+ E +
w sic  + poxy=
Resin Graphite fiber(//)
@ Si0, gel+
PMMA Hollow glass ther+
esin siozgel +
& Ho! low glass fiber +
Resin
(/)
Resin +
Hollow glass fiber +
Al Si0xgel +
' SiC +
uh PMMA
g |
G.51 .
Si0y S
‘ Pissent work 0
Ay
QO from Ref.1
$ Estimated values
®
Metal
(Irconet X-750)
01 - 1 1 1 1
5 10 50 100 500

. 6 .
Specific Elastic Modulus { x10° inch)
FIGURE 11 Damping-modulus relationship for various materials

31




<

i
Pl

DIPTSR
,

Ems.

FEx

+

PRIPPEIIE VLI T o,

— pores [ Resin ]
v

e ¥

B
e

G

Pt " P Ry

iy

’C
o

==
el e A

; 24
R o .~’,,*"~?"f ] )
- Ry O
. '\’ by L 3 ,' ¥
A e ﬁv-v/‘""):%gé : ‘Tw"f\"‘;&/l‘
o 2 22 ¥ @ TL B

A o Hollow Glass Fibers

]
AL a

FIGURE 12: A proposed composite material for spacecraft applications.

Ui L PRERL Y

e

% 5

ST

A

=Lk
‘ela .‘n_'lm_:‘

ta

&

e
et 32

®
Y

E_ﬂ )

b

P T R N S « v - . - - = o




-

e,

S

B. Recommendations for Future Work

This brief feasibility study has revealed that some new composites based

Ll cabat

on hollow glass or ceramic fibers of low expansion embedded in a sol-gel

ate

derived matrix also with a low expansion coefficient can lead to materials of

potential usefulness for spacecraft structures provided the sol-gel matrix is

P P

P

further impregnated with an organic resin to promote damping. Glass miorobal-

loons can also be used in pilace of the hollow glass fibers. Hollow glass

Vs

Lol e, -

fibers can be prepared from silica or from copper aluminosilicate glasses both

of which have low expansion coefficients from -200° to +200°C. Hollow fibers

'

y il T

R

. 'L:‘l ll "l

based on low expansion lithium alumpinosilicate glass—ceramics should also be
applicable. Hollow fiber geometry could further be exploited in the form of

aligrned oval fibers when the stiffness can be increased four times for the

;p: same weight. The hollow fibers themselves can also be filled with other
{E} materials to further control the preoperty of the composite.

A

A

;i It is evident from the above considerations that further research and
“
j;; development on these new composites based on a sol-gel derived matrix is

highly recommended.
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Technical Bulletin 14-2-2 ECCOSPHERES SI Hollow Silica Microspheres
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TECHNICAL BULLETIN 14-2-2

-ﬂlﬂ S
v ~ - @
4 ECCOSPHERES® s1
!‘f4 ) .
4 Hollow Silica Microspheras
&
.1-.3%
i ’
-
N
H
o
D
SR
{\I". ECCOSPHERES Slare micron sized, thin walled bub-
4 bles made from silica, They are suppliad as a fine,
’ . free flowing powder. Darticle size is in the range 30
3 to 180 microns; wall thickness is about 1. 5 microns,
'y Bulk density is about 1} Ibs/cu. ft. (0. 176 g/cc). The
Ml'.: material is stable at temperatures to 1700°F (925°C).
%‘.." Electrical properties are excellent,
o O
N
A ECCOSPHERES ST are used in a variety of npplicntionq They can be incorporated in plastics to produce
1#"4 light weight materials.  For example, ECCOSPIHERES SI in polyethylene has resulted in a product density
.‘?;1:' of less than 40 lbs/cu. ft, (0. 064 g/ce) with a diclectric constant below 1, 7. Low c¢lectrical loss has been
e \‘,' preserved, as have the desirable physical chardctunshcs of polyethylene. ECCOSPHERES SI can be bond-
\‘h“)' ed to themselves to produce foamed silica sheet stock, Conventional ceramics have incorporated these
"ﬁr“i particles, ECCOSPHERLES Sl have even beenincorporated inmolten metals to produce light weight castings,
3 f“- Lovse ECCOSPHERES SI can be used for thermal insulation and space filling,
0
. ECCOSPHERES SI alone or incombination with other materials should have numecrous applications inspace
S technology and clectrenics, Lipht weight, high temperature capability, excellent ablation characteristics
Ry and low dielectric constant ave a few of the features of this product,
e
A Typical Properlies:
- _"
R ) Physical Form I'ree IMlowing Powder
‘4' ’ True Particle Density (Ligquid Displacement) gm/cc {1b/(t3) 0. 254 (15.8)
;;‘ Bulk Density (Tamped) gin/ec (1b/fe) 0,152 (9.%)
{ Packing I'actor 0. 559
Particle Sive Range, Microns (% by weight) 173 (V) 100-125 (12)

149-175 (14)  62-100 (40}
125-149 (10) 44- 62 (15)

4 (9)
Averagd Particle Diuncter, Miccons [weight basis) 80
Average Wall Thickness, Microns (weight basis) 1.5
Thermal Conductivity uf Lousely Packed Material
(BTUNEn)/ (he) (2 (= 1)- (L-\l)(un)/(u_c)(gmz)( C)at o° 1 .36 (0.00012)
" at 300K .50 (0,00017)
Softening Temperature, *l° (°C) 1800 (980)
Dielectric Constant {dry} | Mllz to 8,6 Gl 1.2
Dissipation Factor (dry) 1 Mllz to 8,6 Glliz 0, 0005

Tight goggles (no ventilation hotes) and a dust mask should be worn when handling. 1 Mic roballoons® are
depoxited ia the eye, severe irritation may result, requiring the attention of a physician, Although breath-
[ ing in Microballoons puses no known serivus problems, such as Silicosis, (Gross et,al. AMA Archives of
Industrial ealth 21:10, 1960), it does constitule ot least a nuisance and should be avoided,

_!.. This information, while believed o be completely velinble, is not to be taken as warranty for which we
RN assume legal responsibility nor as permission o cconunendalion Lo practice any patented invention with -
& 'L'\{. out license, Itas offered for consideration, inv  .tigation, and verification,
u";‘
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